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ORDERING 

Telequipment products are manufactur- 
ed in the United States by Tektronix, 
Inc. and in England by Telequipment. 
They are sold and serviced in the 
United States by Tektronix, Inc. Orders 
should be placed with your Tektronix 
Field Engineering Office listed on the 
inside rear cover. 



TERMS OF SALE 

Tektronix, Inc. standard terms of sale 
are Net 30 days. Other credit terms 
are available for a customer’s particu- 
lar requirements. Credit accommoda- 
tions and terms of sale are arranged 
through your Tektronix Field Engineer. 



SHIPMENT 

Normally all prices and quotations are 
FOB Beaverton, Oregon. Unless other- 
wise specified on your order, shipment 
will be made via most economical 
method. If a specific surface carrier is 
specified, shipment will be made at full 
valuation unless your order instructs 
differently. If air shipment is desired, 
air freight at full evaluation will be the 
method of shipment unless otherwise 
specified on the order. 

MAINTENANCE 

Sections of the manual provided with 
each Telequipment product describe 
circuit operation and adjustment. Your 
Tektronix Field Engineering Office will 
process all orders for Telequipment 
parts. Tektronix has established Field 



Engineering Offices and service centers 
in cities listed on the inside rear cover. 
Please include instrument Type number, 
serial number, and all descriptive infor 
motion contained in the manual when 
ordering spare parts. Please do not 
return instruments or parts before re- 
ceiving instructions. 

WARRANTY 

All Telequipment instruments are war- 
ranted against defective materials and 
workmanship for one year. Any ques- 
tions with respect to the warranty 
should be discussed with your Tektronix 
Field Engineer. Field Offices are listed 
on the inside rear cover. 

Telequipment is a division of Tektronix 
U.K. Ltd., a wholly-owned subsidiary 
of Tektronix, Inc. 




Information in this catalog supersedes all previously published material. Specification and price 
change privileges reserved. 
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SELECTING AN OSCILLOSCOPE 



There are many different types of oscilloscopes available. 
Depending on performance and characteristics, they vary in 
price from less than $100 to several thousands of dollars. The 
following discussion is intended to clarify the significance of 
many of the characteristics requiring appraisal before making 
a selection. 

RISETIME AND HIGH FREQUENCY RESPONSE 

The first qualification generally sought in an oscilloscope is 
adequate risetime or adequate high-frequency response. The 
two are closely related mathematically when fast step-signals 
produce little or no overshoot or ringing. The product of rise- 
time and frequency response (bandwidth) produces a factor 
whose value lies between 0.33 and 0.35 when transient re- 
sponse is optimum. For example, the product of 35 ns risetime 
(35 x 10 _0 second) and 10 MHz (10 x 10° Hz) equals 0.35. 

Ideally, scopes should have a vertical system capable of rising 
in about one-fifth the time that the fastest step-signal applied 
rises. In such a case, the risetime of the signal (as indicated 
on the scope) will only be in error by about 2 percent, assum- 
ing sweep timing and linearity are perfect. Vertical deflection 
systems which have a risetime no better than equal to the 
fastest rising signal applied are often considered adequate — 
a conclusion which may or may not be true depending upon 
the accuracy desired. Such reasoning is based upon the fact 
that the indicated risetime will be in error by a predictable 
amount when transient response is optimum. Under such con- 
ditions, signal risetime can be calculated to a close approxi- 
mation by the formula T s =VTj 2 — T a 2 where T s = signal 
risetime, T; = indicated risetime and T a = vertical system 
(usually amplifier) risetime. The accuracy of such calculations 
falls off sharply for signals which rise faster than the scope 
amplifier. 

DEFLECTION FACTOR (SENSITIVITY) 

Sensitivity, like frequency response and risefime, is one of the 
prime factors determining the suitability of a scope for a 
particular application. When the utmost in sensitivity is re- 



quired, some bandwidth must be sacrificed because of the 
greater background noise associated with wideband, high-gain 
amplifiers. If amplification is sufficiently great, background 
noise may be evident in a display. When it is, the amount of 
noise should be specified so that a signal-to-noise ratio may 
be predicted. Oscilloscope deflection factors should be stated 
in terms of peak-to-peak voltage rather than RMS voltage since 
only sine-wave amplitudes can be read directly from a scope 
calibrated in RMS volts. When noise figures are stated in 
terms of RMS voltage, the figure should be multiplied by 5 or 
6 to determine the approximate amount of peak-to-peak de- 
flection that the noise will produce on the screen. 

When an accuracy specification is stated for deflection factor, 
it encompasses all tolerances involved and the linearity of the 
entire vertical deflection system, including the CRT. If the 
accuracy is stated as within 3%, this means the maximum 
error in the voltage determination will be ± 3% (excluding 
operator error). 

SWITCHED INPUTS AND DUAL-BEAM SCOPES 

A very useful type of dual-input amplifier is one which can 
pass either of two input signals one at a time to permit view- 
ing either signal without disturbing connections. Comparison 
of the two signals is thereby permitted as electronic switching 
permits simultaneous viewing of two signals. Since the two 
signals trace out separate displays, scopes with built-in elec- 
tronic switches are commonly called dual-trace scopes. They 
should not be confused with dual-beam scopes. Dual-trace 
scopes offer some advantages over dual-beam scopes and vice 
versa. Two simultaneous, non-recurrent signals of short dura- 
tion may be displayed on a dual-beam scope, but cannot 
be displayed on a dual-trace scope. Also, some dual-beam 
scopes can display non-recurrent signals on different time-bases. 
The principal advantages of dual-trace scopes are lower cost 
and intrinsically better comparison capabilities. 

Electronic switches should be capable of switching in two 
ways: rapidly during sweeps or synchronously during sweep 
retrace intervals. The first way is usually called "chopped", 
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the second way "alternate". The alternate mode is used more 
frequently and is preferred for displays employing faster 
sweeps. The chopped mode usually is reserved for comparing 
low-frequency recurrent signals or long-duration, non-recurrent 
signals. 

When displaying two very bright traces using the chopped 
mode, the display may show the chopping waveform transients 
as faint lines connecting the two traces. Some scopes blank 
(turn off) the CRT beam during these transition intervals to pre- 
vent them from appearing in the display. 

The chopping rate (frequency) should be high as possible so 
long as the resulting traces are not broadened significantly 
by distortion of the chopping signal. When the chopped mode 
is used with relatively fast non-recurrent sweeps, the traces 
are not continuous but are made up of separate segments, the 
number of segments depending on the chopping rate and the 
sweep duration. For instance, if the chopping rate is 100,000 
Hz and the sweep duration is 1 millisecond, there will be 100 
segments in each trace. How well these separate segments 
depict all the detail in the two waveforms establishes the 
limits of usefulness of the chopped mode compared to an al- 
ternately switched display or a dual-beam scope. 

VERTICAL SIGNAL DELAY 

Whenever sweeps are triggered by the displayed signals and 
the entire leading edge of the signals is to appear, the ar- 
rival of the signals at the vertical deflection plates must be 
delayed with respect to the time each sweep is started. To 
provide such delay a delay-cable or delay-line is used some- 
where in the signal path between the deflection plates and the 
point in the system where a sample of the vertical signal is 
taken to start the triggering process. The need for signal delay 
is greatest in the “faster” scopes where the time required for 
sweeps to start (and the beam to be turned on) is equal to a 
significant portion of the fastest sweep. 

SWEEP TRIGGERING AND SYNCHRONIZING 

The sweep generator in early oscilloscopes ran continuously 
and, to present a steady display, the generator was run at a 
frequency which was equal to (or some sub-multiple of) the dis- 
played signal. The process was called synchronizing and was 
achieved by applying a suitable sample of the signal to the 
sweep generator. That system is limited to displaying recur- 
rent signals which do not vary in amplitude or frequency and 
which have little or no "dead-time" between successive wave- 
forms. 

A more direct system was developed for displaying pulses of 
short duration and low repetition frequency: the pulses them- 
selves "drive" or "trigger" the sweeps. We now commonly 
trigger sweeps by generating a triggering pulse internally from 
whatever triggering waveform is selected. Such practice ac- 
commodates almost any type of triggering signal except those 
having a very high frequency. For this reason, the early method 
of synchronizing is often included in modern scopes. It should 
be borne in mind that synchronizing in such a manner is very 
difficult or impossible if the synchronizing signal varies in am- 
plitude or frequency. 

There are two basic requirements in the triggering area . . . 
sensitivity and frequency range. Trigger sensitivity indicates 
how small a signal can be displayed on the CRT and remain 
stable. For internal triggering, this is usually stated in divisions 
(or portion of a division) of CRT display. For external trigger- 
ing, it is usually expressed in volts( or millivolts). Trigger band- 
width is an indication of the range of signal frequency that 
can be displayed in a triggered mode. 



TIME BASE 

In early oscilloscopes, the sweep generator ran continuously 
and horizontal calibration was based on its repetition fre- 
quency. The sweeps in most modern oscilloscopes are cali- 
brated in terms of a direct unit of time for a given distance 
of spot travel across the screen, hence the term 'time-base'. 
The higher the bandwidth of the vertical deflection system, 
the faster the time base required to display the signal. Con- 
versely, a very slow time base is required to display a signal 
that changes very slowly with time. A versatile oscilloscope 
has time-base rates that vary from several seconds per divi- 
sion of horizontal deflection to a fraction of a microsecond 
per division. Time-base accuracy usually is specified in terms 
of the permissible full-scale sweep timing error for any cali- 
brated sweep. That is, an accuracy of 3 percent would mean 
that the actual full-scale period of any sweep should not be 
more than 3 percent greater or less than indicated. Magnified 
sweeps may have poorer accuracy ratings than unmagnified 
sweeps, since magnification is usually achieved by reducing 
amplifier feedback. 

SWEEP MAGNIFICATION AND SWEEP DELAY 

Sometimes it is desirable to display parts of waveforms which 
occur considerably later than suitable sweep triggering signals 
occur. Such waveforms can always be displayed on sweeps 
which last long enough, but if the duration of the waveform 
is short compared to the duration of a full sweep, an accurate 
examination may not be possible. The need to magnify (ex- 
pand) the display for the time interval during which a particular 
event occurs is apparent. Portions of sweeps may be magnified 
by increasing the gain of the horizontal amplifier (allowing 
either or both ends of the sweeps to go off-screen) and posi- 
tioning the display so that the desired portion is on-screen. 
This is a simple way to meet the need. Another way is to 
generate suitable delayed sweep triggering signals so that fast 
sweeps may be triggered just prior to the moment when the 
signal to be examined occurs. The first method delays the 
presentation of a sweep portion; the second method delays 
the actual generation of the displayed sweep. Calibrated sweep 
delay can provide some advantages over ordinary sweep mag- 
nification, cost and simplicity not being among them. These 
advantages are: 

1. Greater ratios of effective magnification 

2. Elimination of “time jitter" or “time drift" of displayed 
waveforms 

3. Greater accuracy of time-interval measurements between 
waveforms 

4. Better long-term accuracy of the displayed time base 

WHY BUY TELEQUIPMENT? 

When price is of prime importance, Telequipment warrants 
serious consideration. Telequipment oscilloscopes combine low 
price ($245 to $975) with a number of features not usually 
found in other oscilloscopes in this price range. Features 
such as calibrated sweep rate and vertical step attenuators, 
variable controls, triggered sweep, probe calibration outputs, 
illuminated graticule and TV field or line triggering, make 
the instruments easier to use and versatile. 

Not to be forgotten is the quality of after-sales service. Tele- 
quipment products are marketed in the United States by 57 
Tektronix, Inc. field offices and throughout the world by a 
network of Tektronix subsidiaries, distributors and representa- 
tives. Technical assistance and parts support is always nearby. 
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CT71 



Curve Tracer 

■ Displays Dynamic Character- 
istic Curves 

■ Direct Comparison of Transis- 
tor, Diode and FET Character- 
istics 

■ DC Collector Supply to 1 kV 

■ Leakage Measurements to 
5 nA 

■ Step Generator Range to 
200 mA or 20 V 

■ 1 0 x 1 0 cm Viewing Area 



The CT71 Curve Tracer is a dynamic 
semiconductor tester which displays 
characteristic curves of transistors, 
FET's and diodes. In addition the CT71 
can be used to display dynamic char- 
acteristics over a wide range of semi- 
conductor devices. 



General Description and Characteristics 




COLLECTOR SUPPLY 



Voltage Range 

Peak voltage continuously variable 
from 0 to 1 kV, selected by horizontal 
volts/div switch, and polarity is select- 
able, either positive or negative. The 
collector voltage repetition rate is twice 
the line frequency or DC, selectable. 

Peak Current 

2 A, the peak power settings are 0.1, 
0.5, 2 and 10 watts. Maximum power 
available is 15 watts. 

Collector Series Resistances 

Selectable: On, 2.5 fl, TOO, 65 0, 

250 O, 1 kO, 6.5 kO, 25 kO, 85 kO, 
500 kO and 1.7 MO all within 5%. 



BASE STEP GENERATOR 

Current Range 

0.2 fiA/step to 20 mA/step in 16 steps 
( 1 -2-5 sequence) . 

Voltage Range 

0.1 V/step to 2 V/step in 5 steps ( 1 -2- 
5 sequence). Two positions are also 
available on the step amplitude switch 
to either open circuit (O.C.) the base 

( allowing it to float, or short circuit 
IS.C.) the base to the emitter. 

Steps /Offset 

The steps are adjustable from 0 to 10 
steps, selectable in either a positive 
or negative direction depending on po- 
larity switch setting. A continuously 



variable offset with a ±1 step range 
is provided. Steps and offset are only 
available on collector current ranges 
greater than 10/tA/div. 

VERTICAL AMPLIFIER 

Collector Current Range 

Displays collector current only, 5 nA/ 
div to 0.2 A/div in 24 steps (1-2-5 
sequence) . 

HORIZONTAL AMPLIFIER 

Collector Voltage Range 

Selectable display of collector or base 
voltage, 0.1 V/div to lOOV/div in 10 
steps (1-2-5 sequence). 



The other fixture provides two pair of 
power transistor sockets (a pair of 
TO-66's and a pair of TO-3's) both 
pairs in a emitter-base-collector con- 
figuration. 

Safety Interlock 

The protective cover cannot be opened 
until the supplies to the test fixtures 
are de-energized. 

Cathode-Ray Tube 
5 Vi -inch CRT with a 10 x 10 cm view- 
ing area. 2.5-kV accelerating potential 
with P31 phosphor normally supplied. 
A front-panel control varies the grati- 
cule illumination intensity. 



OTHER CHARACTERISTICS 

Test Fixtures 

Two test fixtures are provided, which 
plug into the front of the CT71, pro- 
viding a means of connecting collector 
supply output, step generator output 
and display amplifiers to the device 
under test. 

One fixture provides the following 
sockets: 1 pair of TO-18's in a source- 
drain-gate configuration, 1 pair of 
TO-18's in an emitter-base-collector 
configuration, 1 pair of TO-5's in an 
emitter-base-collector configuration. 2 
sets of 3 terminals in the emitter-base- 
collector configuration are also pro- 
vided. 



Power Requirements 
Voltage settings are 1 00 V to 125 V 
in 5 V steps, 200 V to 250 V in 10 V 
steps. 48 Hz to 63 Hz line frequency, 
37 VA. 



Dimensions and Weight 

Height 9 5 /s in 

Width 9'/ 4 in 

Depth 19 in 

Net Weight 25 lb 



24.5 cm 

23.5 cm 
48.3 cm 
11.7 kg 



Included Standard Accessories 

Two test fixtures; instruction manual. 



CT71, order TLCT71 $795 



U.S. Sales Price FOB Beaverton, Oregon 
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D67 



DC-to-25 MHz Bandwidth at 
10 mV/cm 

3% Measuring Accuracy 
Signal and Sweep Delay 
Dual Trace, FET Inputs 
All Solid-State Design 
Large, Bright 8 x 1 0 cm 
Display 

Small Size — Lightweight 
Regulated Power Supplies 
Triggered Sweep 



The D67 is a 25 MHz, all solid-state 
dual-trace portable oscilloscope. An 
8 x 1 0 cm mesh CRT provides a bright, 
clear display. The dual-trace vertical 
system displays either channel sepa- 
rately, adds channels algebraically, 
alternates between channels or chops 
between channels at 80 kHz rate. The 
delayed sweep feature permits close 
examination of any part of a complex 
waveform and also allows for accu- 
rate measurements of the time jitter 
in the input waveform. Solid-state de- 
sign, using FET input circuitry, provides 
minimum drift and fast stabilization 
time. 

Advanced design and use of solid-state 
circuitry throughout have produced an 
instrument of extra reliability ensuring 
long periods of operation without at- 
tention. Transistors are in sockets for 
easy servicing. 




General Description and Characteristics 



VERTICAL AMPLIFIER 

Bandwidth and Risetime 
DC to 25 MHz (approx 3-dB down), 
14-ns risetime. Approx 2 Hz low fre- 
quency 3-dB point when AC coupled. 
Input can be AC or DC coupled. 

Delay Line 

200-ns signal delay permits viewing 
leading edge of displayed waveform. 

Deflection Factor 
1 0 mV/cm to 50 V/cm in 1 2 calibrated 
steps (1-2-5 sequence) accurate with- 
in ± 3%. Uncalibrated, continuously 



variable between steps to approx 125 
V/cm. 

Maximum Deflection 

8 cm up to 25 MHz. 

Input RC 

1 megohm paralleled by approx 47 pF. 

Maximum Input Voltage 

400 V DC plus peak AC. 

Operating Modes 

Chopped switching between channels 
at approx 80 kHz, alternate switching 
during sweep retrace, Channel 1 only, 
Channel 2 only, Add. Channel 2 can 
be inverted. 
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HORIZONTAL DEFLECTION 
SYSTEM 

Sweep Rates (A & B sweeps) 

0.2 p. s/cm to 2 s/cm in 22 calibrated 
steps (1-2-5 sequence) accurate with- 
in ± 3%. Uncalibrated, continuously 
variable between steps to approx 5 
s/cm. 

Display Modes 

Three display modes, Normal (A 
sweep), A intensified by B, B delayed 
by A. The B sweep is triggerable after 
delay time or starts after delay time 
(non-gated delay). The delay time 
equals the A sweep TIME/cm setting 
X the DELAY setting. DELAY is uncali- 
brated. 

Single Sweep (A sweep only) 
Single shot facility with lockout is pro- 
vided. A neon indicates when the time 
base is armed. 

Horizontal Expansion 
(A & B sweeps) 

X5 magnifier ( accurate within ± 5%), 
operates over full time base range, 
increases fastest sweep speed to 40 
ns/cm. 

Horizontal Amplifier 
DC to 1 MHz (approx 3-dB down) 
0.6 V/cm to 3 V/cm deflection factor. 
Input impedance 1 megohm paralleled 
by approx 30 pF. Max input voltage 
400 V DC plus peak AC. 

TRIGGERING 

Automatic (A & B sweeps) 

Triggers over a frequency range of ap- 
prox 15 Hz to 5 MHz. 



Trigger Level Selection 
(A & B sweeps) 

Triggering occurs at any level on the 
input waveform over a frequency range 
of approx 15 Hz to 5 MHz. 

High Frequency Sync 
(A sweep only) 

Synchronizes the sweep over a fre- 
quency range of approx 1 MHz to 
>25 MHz. 

TV 

Triggers at TV field or line rate (A 
sweep), triggers at TV line rate (B 
sweep) . 

Slope (A & B sweeps) 

Plus or minus. 

Requirements 

Internal, 2-mm deflection to 5 MHz, 
except HF is 1 -cm deflection to 25 
MHz. External, 250 mV peak-to-peak 
up to 15 V peak-to-peak, input im- 
pedance 100 kn paralleled by approx 
30 pF. 



TelequipmenT 
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D67 



CRT requires approx 20 V peak-to-peak 
for perceptible modulation at average 
brilliance. Variable-intensity illuminat- 
ed graticule. 

Voltage Calibrator 
Line-frequency squarewave, 50-mV 
peak-to-peak accurate within ±1%. 

Front Panel Outputs 

Sawtooth out — 1-36V, DC coupled, 

30 kn minimum load (A sweep only). 

Gate out — negative-going rectangular 
pulses, 5 V peak, lasting for the dura- 
tion of A or B sweep, depending on 
horizontal mode selected. 



OTHER CHARACTERISTICS 

Power Requirements 
100 to 125 VAC in 5-V steps or 200 to 
250 VAC in 10-V steps, 48 to 400 Hz. 
The instrument specifications apply 
over a ± 10% mains variation for the 
step chosen. Rear-panel quick-change 
transformer tap connections should be 
set to most nearly correspond with the 
actual line voltage. Power consump- 
tion is approx 50 VA and cooling is 
provided by convection. 

Cathode-Ray Tube 

5-inch flat-faced rectangular CRT with 
8 x 10 cm viewing area. Operates at 
10 kV accelerating potential. P31 phos- 
phor normally supplied, P7 and Pll 
optional. Z-axis modulation to grid of 



Dimensions and Weights 



Height 9% in 24.7 cm 

Width 8'A in 21 cm 

Depth 1 7 V 2 in 44.5 cm 

Net Weight 25Vi lb 11.5 kg 



Included Accessories 

Instruction manual ( 070- 1 076-00) ; 

four coax BNC connectors (131-0649- 



00 ). 

D67, Order TLD67 $975 

Optional Accessories 

1 OX Passive Probe, BNC 

Order 010-0233-00 $9.50 



U.S. Sales Prices FOB Beaverton, Oregon 




Fig 1 Delayed sweep is used to brighten a selected 
portion of the A sweep. 




Fig 2 The selected portion of A sweep in Fig 1 
is expanded to fill 10 cm. A greater resolution is 
thus obtained. 




Fig 3 TV field or line triggering allows viewing of 
complex video waveforms. 
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D54 

DC-to-lOMHz Bandwidth 
at 10 mV/cm 

■ All Solid-State Design 
Dual Trace, Fet Inputs 

■ Triggered Sweep 

Flat-Face Rectangular CRT 
with 6xl0-cm Illuminated 
Graticule 



FOUR DISPLAY MODES 




Channel 1 only, Channel 2 only, chopped or alternate electronic switching 
between channels. Alternate: channels switched at the end of each trace during 
sweep retrace time. Chopped: successive 5-/xs segments of each channel displayed 
at an approximate 100-kHz rate per channel. A switch permits selection of either 
channel 1 or channel 2 as the trigger source. 



General Description 
and Characteristics 

VERTICAL AMPLIFIER 




CHANNEL 1 



VARIABLE ' 
VOLTS/CM 



VARIABLE 

TIME/CM 



TRIG 

SELECTOR 



POSITION 



CHOP' 



VtOUT 



Bandwidth and Risetime 

DC to 10 MHz (approx 3-dB down), 
35-ns risetime. 

Input can be AC or DC coupled. ~2- 
Hz low frequency 3-dB point when AC 
coupled. 

Deflection Factor 

10 mV/cm to 50 V/cm in 12 calibrated 
steps (1-2-5 sequence), accurate with- 
in ±5%. Uncalibrated, continuously 
variable between steps and to approx 
125 V/cm. 

Maximum Deflection 

6 cm up to 5 MHz, decreasing to 3 cm 
at 1 0 MHz. 

Input RC 

1 megohm paralleled by approx 40 pF. 



< 
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Maximum Input Voltage 

400 V DC plus peak AC. 







TIME BASE 

Sweep Rates 

200 ns/cm to 2 s/cm in 22 calibrated 
steps (1-2-5 sequence) accurate with- 
in ±5%. Uncalibrated, continuously 
variable between steps and to approx 
5 s/cm. 



Horizontal Expansion 
Uncalibrated to approx X5, increasing 
max sweep to ~40 ns/cm. 

Horizontal Amplifier 
DC to 1 MHz (approx 3-dB down) 
0.6 V/cm-to-3 V/cm deflection factor. 
Input impedance 1 megohm paralleled 
by approx 30 pF. 400 V DC + peak 

TRIGGERING 

Automatic 

Triggers over a frequency range of 
approx 50 Hz to 1 MHz. 

Trigger Level Selection 
Triggering occurs at any level on the 
input waveform over a frequency 
range of approx 1 0 Hz to 4 MHz. 

High Frequency Sync 
Synchronizes the sweep over a fre- 
quency range of approx 1 MHz to at 
least 1 0 MHz. 

TV 

Triggers on TV field or line. 

Slope 

Plus or minus. 




1 /is markers from a time mark generator clearly 
show the sweep to be linear , even at fast TIME /CM 
settings. 



Requirements 

Internal, 2-mm deflection to 1 MHz, in- 
creasing to 1 -cm at 4 MHz. External, 
1.5 V peak to peak up to 15 V peak 
to peak. Input impedance 100 kfl par- 
alleled by approx 10 pF. 

OTHER CHARACTERISTICS 

Cathode-Ray Tube 
5-inch flat-faced rectangular CRT op- 
erating at 4-kV accelerating potential. 
Viewing area 6 cm vertical by 10 cm 
horizontal. P31 phosphor normally sup- 
plied, P7 and PI 1 optional. Z-axis 
modulation to grid of CRT requires ap- 
prox 20 V. Variable-intensity illumi- 
nated graticule. 

Voltage Calibrator 
Line-frequency squarewave, 50 mV P-P 
accurate within 2%. 

Front Panel Outputs 

Sawtooth Out — 1-35V DC coupled, 

30-kn minimum load. 

Probe test — approx 0.5 V. 

Power Requirements 
For best performance rear-panel quick- 
change connections to the transformer 
taps should be set to the voltage set- 
tings most nearly corresponding to the 
actual line voltage. Voltage settings 
are 1 00, 1 05, 1 1 0, 1 1 5, 1 20, 1 25, 200, 
210, 220 230 240 250 V. 48-to-440 
Hz line frequency, 32 VA. 




TV field or line triggering allows viewing of complex 
video waveforms. 
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D54R 

The Type D54R is a rackmount version 
of the Type D54. It is electrically iden- 
tical to the bench model, but mechani- 
cally designed to require only 5 
inches of rack height in a standard 
19-inch rack. 



Convection Cooling 
Dimensions and Weights 



D54 


Height 


9 


3 /4 


in 


24.7 


cm 




Width 


8 


Va 


in 


21.0 


cm 




Depth 


17 


'A 


in 


44.5 


cm 




Net weight 


20 


lb 




9.1 


kg 




Shipping wt. 


32 


lb 




14.5 


kg 


D54R 


Height 


5 


'U 


in 


13.3 


cm 




Width 


19 


in 




48.3 


cm 




Depth 


17 


Vi 


in 


44.5 


cm 




Net weight 


24 


lb 




1 1.3 


kg 



Included Accessories for D54 
Instruction manual (070-0989-00); 
two coax BNC connectors (131-0649- 
00 ). 

Type D54, order TLD54 . . . $595 

Included Accessories for D54R 
Instruction manual (070-0989-01); 
two coax BNC connectors (131 -0649- 
DO). 

Type D54R, order TLD54R $640 



Optional Accessories 

10X Passive Probe, BNC 

Order 010-0233-00 $9.50 

BNC Female to Dual Banana 
Order 103-0128-00 $2.65 



U.S. Sales Prices FOB Beaverton, Oregon 




Dual-trace capability makes most measurements 
easier > pulse circuit analysis is just one application. 
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S54A/S54U 



3 DC-to-10MHz Bandwidth 
at TO mV/cm 

■ All Solid-State Design 

■ FET Input 

■ Triggered Sweep 

Flat-Face Rectangular CRT 
with 6xl0-cm Illuminated 
Graticule 




TYPE S54U 

AC, DC, BATTERY POWERED 



The Type S54AR is a rackmount version 
of the Type S54A. It is electrically iden- 
tical to the bench model, but mechani- 
cally designed to require only 5 Vi 
inches of rack height in a standard 19- 
inch rack. 




TYPE S54A AC POWERED 



The S54 Series represents a new standard of performance for low-priced oscil- 
loscopes. Features which serve to make the oscilloscopes a true measurement de- 
vice, such as wide bandwidth, triggered sweep operation, calibrated sweep rate 
and vertical step attenuator, are incorporated through solid-state circuitry. Other 
features, such as variable controls, probe calibration outputs, illuminated grati- 
cule and TV field or line triggering, make the instrument easier to use and more 
versatile. 

The Type S54A and S54AR operate from the AC line, the Type S54U operates 
from internal batteries, an external DC source, or from the AC line. 

A dual-trace version of the Type S54A is also available, see the Type D54 on 
page 6. 
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General Description and Characteristics 



VERTICAL AMPLIFIER 

Bandwidth and Risetime 

DC to 10 MHz (approx 3-dB down), 
35-ns risetime. 

Input can be AC or DC coupled. ~2- 
Hz low frequency 3-dB point when 
AC coupled. 

Deflection Factor 

10 mV/cm to 50V/cm in 12 calibrated 
steps (1-2-5 sequence), accurate with- 
in ±5%. Uncalibrated, continuously 
variable between steps and to approx 
125 V/cm. 

Maximum Deflection 

6 cm up to 5 MHz, decreasing to 3 cm 
at 10 MHz. 

Input RC 

1 megohm paralleled by approx 47 pF. 

Maximum Input Voltage 

400 V DC plus peak AC. 



TIME BASE 

Sweep Rates 

200 ns/cm to 2 s/cm in 22 calibrated 
steps (1-2-5 sequence) accurate with- 
in ±5%. Uncalibrated, continuously 
variable between steps and to approx 
5 s/cm. 



Horizontal Expansion 

Uncalibrated to approx X5, increasing 
max sweep to ~ 40 ns/cm. 

Horizontal Amplifier 

DC to 1 MHz (approx 3-dB down) 
0.6 V/cm-to-3 V/cm deflection factor. 
Input impedance 1 megohm paralleled 
by approx 30 pF. 400 V DC + peak 
AC. 



TRIGGERING 



Automatic 

Triggers over a frequency range of 
approx 50 Hz to 1 MHz. 



Trigger Level Selection 

Triggering occurs at any level on the 
input waveform over a frequency range 
^f approx 1 0 Hz to 4 MHz. 

High Frequency Sync 

Synchronizes the sweep over a fre- 
quency range of approx 1 MHz to at 
least 1 0 MHz. 



TV 

Triggers on TV field or line. 

Slope 

Plus or minus. 

Requirements 

Internal, 2-mm deflection to 1 MHz, in- 
creasing to 1 -cm at 4 MHz. External, 
1.5 V peak to peak up to 15 V peak 
to peak. Input impedance 100 kfi par- 
alleled by approx 10 pF. 



POWER OPTIONS 

Type S54A and S54AR 

100 to 125 VAC in 5-V steps or 200 
to 250 VAC in 10-V steps, 48 to 440 
Hz, approx 24 VA. Rear-panel quick- 
change transformer tap connections 
should be set to most nearly correspond 
with the actual line voltage. 




Type S54U 

Internal NiCd batteries provide 3 hours 
operation (30 hours operation in stand- 
by mode). Batteries can be recharged 
in 14 hours from an external DC or AC 
source. 



An external DC source of 11.5 to 30 V 
can be used. Power consumption is 2.5 
to 3.75 W for standby, 1 8 W maximum 
for operation or maximum recharge. 
An external AC source of 95 to 130 
VAC or 190 to 260 VAC, 48 to 440 Hz 
can be used. Power consumption is 7 
to 12 VA for standby, 34 VA maximum 
for operation or maximum recharge. 



OTHER CHARACTERISTICS 

Cathode-Ray Tube 
5-inch flat-faced rectangular CRT op- 
erating at 4-kV accelerating potential. 



Viewing area 6 cm vertical by 10 cm 
horizontal. P31 phosphor normally 
supplied, P7 and PI 1 optional. Z-axis 
modulation to grid of CRT requires ap- 
prox 20 V. Variable-intensity illumi- 
nated graticule (when operated from 
AC line). 

Voltage Calibrator 

Line-frequency squarewave, 50 mV P-P 
accurate within 2%. 

Front Panel Outputs 

Sawtooth Out — 1 -35 V DC coupled, 

30-kn minimum load. 

Probe test — approx 0.5 V. 

Convection Cooling 
Dimensions and Weights 



S54A 


Height 


9 Vi in 


23.5 cm 




Width 


6% in 


17.2 cm 




Depth 


16 Vi in 


41 .9 cm 




Net weight 


17 lb 


8.0 kg 


S54AR 


Height 


51/4 in 


1 3.3 cm 




Width 


19 in 


48.3 cm 




Depth 


17 Vi in 


44.5 cm 




Net weight 


22 lb 


10.0 kg 


S54U 


Height 


9 Vi in 


23.5 cm 




Width 


6 3 / 4 in 


1 7.2 cm 




Depth 


18 in 


45.7 cm 




Net weight 


25 lb 


1 1.3 kg 


Included Accessories for 


S54A 



Instruction manual (070-0962-00) ; 
coax BNC connector ( 1 31 -0649-00) . 

Type S54A, order TLS54A . $450 

Included Accessories for S54U 
Instruction manual (070-0951-00); 
coax BNC connector (131-0649-00); 
DC input plug (134-0113-00). 

Type S54U including batteries, 
order TLS54U $715 

Included Accessories for S54AR 
Instruction manual (070-0962-00); 
two coax BNC connectors ( 131 -0649- 



00 ). 

Type S54AR, 

order TLS54AR $495 

Optional Accessories 

10X Passive Probe, BNC 

Order 010-0233-00 $9.50 

BNC Female to Dual Banana 
Order 103-0128-00 $2.65 



U.S. Sales Prices FOB Beaverton, Oregon 



9 



TelequipmenT 



<#> 



S51B 

■ DC-3 MHz Bandwidth 

Versatile Triggering 
Including TV Field 

8 cm x T 0 cm Viewing Area 

■ Flat-Face CRT 

Small Size & Light Weight 

DC Coupled Horizontal Am- 
plifier 




General Description and Characteristics 



Vertical Amplifier 

Bandwidth — DC to 3 MHz (approx 3- 
dB down) with DC coupling, 2 Hz to 
3 MHz with AC coupling. 

Deflection Factor — 100 mV/cm to 50 
V/cm in 9 calibrated steps (1-2-5 se- 
quence), accurate within 5%. 
Overshoot — Less than 2%. 

Input RC — 1 megohm paralleled by 
approx 47 pF. 

Maximum Deflection — 8 cm. 

Horizontal Amplifier 

Deflection Factor — Uncalibrated, con- 
tinuously variable, approx 100 mV/cm 
at mid-position, range approx 2:1. 
Bandwidth — DC to 500 kHz (approx 
3-dB down). 

Input RC — 1 megohm paralleled by 
approx lOOpF. 

Horizontal Positioning — Positions any 
portion of expanded trace on screen. 

Time Base 

Sweep Rates — 1 /x s/cm to lOOms/cm 
in 6 calibrated steps (1-10 sequence). 
Uncalibrated, continuously variable be- 
tween steps and to approx 1 s/cm. 
Horizontal Expansion — Approx X2, 
continuously variable. 

Time Measurement Accuracy — Within 
±5% over center 8 cm ( ± 10% over 
first and last 2 cm in 1 /xs/cm range). 
DC Coupled Unblanking. 



Triggering 

Automatic — Sweep free runs at a slow 
speed but triggers on any signal up to 
approx 1 MHz. 

Trigger level selection — Triggering oc- 
curs at any level on the input wave- 
form. 

TV Field — Triggering occurs from the 
field pulses of a composite television 
signal. 

Slope — Plus or minus. 

Source — Internal or external. 

Sensitivity — 5 mm of signal internally, 
3 V peak to peak externally. 

External Trigger Input Impedance — 1 
megohm paralleled by approx 30 pF. 

Cathode-Ray Tube 

5-inch flat-faced CRT operating at 3- 
kV accelerating potential. Viewing 
area 8 cm vertical by 10 cm horizontal. 
P31 phosphor normally supplied, P7 
optional. A detachable green filter im- 
proves contrast under high ambient 
light conditions. 

Rear Connectors 

Sweep Output — Approx 20 V peak to 
peak at a DC level of approx 30 V. 
Horizontal Amplifier Input. 

Z-axis Modulation to Cathode of CRT 
(0.01 /a F and 1 megohm). 



Power Requirements 

Wired for 115 V or 240-V operation. 
For best performance, transformer taps 
should be soldered to the voltage ter- 
minals most nearly corresponding to 
line voltage. Voltage terminals are 
90, 100, 105, 110, 115, 120, 130, 
200, 210, 215, 220, 225, 230, 240 V. 
50 to 400 Hz line frequency range, 




58 VA. 



Convection Cooling 



Dimensions and 


Weights 






Height 


8 


in 


20.3 


cm 


Width 


7 


in 


17.8 


cm 


Depth 


15 


in 


38.1 


cm 


Net weight 


16 


lb 


7.3 


kg 


Shipping weight 


22 


lb 


10.0 


kg 



Included Accessories for S51B 

Instruction manual (070-0792-00) ; 
test leads (012-0129-00). 

Type S51B, order TLS51B . $245 






Optional Accessories 

10X Passive Probe, BNC 

Order 010-0233-00 $9.50 



BNC Female to Dual Banana 
Order 103-0128-00 

Viewing Hood 

Order 016-0251-00 




$12.75 



U.S. Sales Prices FOB Beaverton, Oregon 
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TelequipmenT 






«ffi> 



D51 

■ Dual Beam 

DC-6 MHz Bandwidth (Ch 1) 

DC-3 MHz Bandwidth (Ch 2) 

Versatile Triggering 
Including TV Field 

® 6x10 cm Viewing Area 

H Flat-Face CRT 

- DC Coupled Horizontal Am- 
plifier 



General Description and Characteristics 



Channel 1 Vertical Amplifier 

Q andwidth — DC to 6 MHz (approx 3- 
B down) with DC coupling, 2 Hz to 
6 MHz with AC coupling. 

Deflection Factor — 100 mV/cm to 50 
V/cm in 9 calibrated steps (1-2-5 se- 
quence), accurate within 5%. Front- 
panel control selects XI 0 gain for de- 
flection factors from 1 0 mV/cm to 5 
V/cm at DC-to-2 MHz bandwidth (ap- 
prox 3-dB down). 

Input RC — 1 megohm paralleled by 
approx 47 pF. 

Maximum Input Voltage — 400 V (DC 
+ peak AC) . 

Maximum Deflection — 6 cm for each 
trace. 

Channel 2 Vertical Amplifier 

Bandwidth — DC to 3 MHz (approx 3- 
dB down) with DC coupling, 2 Hz to 3 
MHz with AC coupling. 

Deflection Factor — 100 mV/cm to 50 
V/cm in 9 calibrated steps (1-2-5 se- 
quence), accurate within 5%. 

Input RC — 1 megohm paralleled by 
approx 47 pF. 

Maximum Input Voltage — 400 V (DC 
+ peak AC) . 

Maximum Deflection — 6 cm for each 
,oc, 

. horizontal Amplifier 

Bandwidth — DC to 500 kHz (approx 
3-dB down). 

Deflection Factor — approx 100 mV/ 
cm. 



Input RC — 1 megohm paralleled by ap- 
prox 100 pF. 

Time Base 

Sweep Rates — 1 /xs/cm to lOOms/cm 
in 6 calibrated steps (1-10 sequence). 
Uncalibrated, continuously variable be- 
tween steps and to approx 1 s/cm. 
Horizontal Expansion — Approx X2, 
continuously variable, extends fastest 
sweep to 0.75 /xs/cm. 

Time Measurement Accuracy — Within 
±5% over center 8 cm. 

Triggering 

Automatic — Repetitive signals up to 1 
MHz. 

Trigger Level Selection — Triggering oc- 
curs at any level on the input wave- 
form. 

TV Field. 

Slope — Plus or minus. 

Sources — Internal from either amplifier, 
or external. 

Cathode-Ray Tube 

5-inch flat-faced CRT operating at 3.5 
kV accelerating potential, single gun 
with beam splitter forms 2 electron 
beams, common horizontal deflection 
plates. Viewing area 6 cm vertical by 
10 cm horizontal. P31 phosphor nor- 
mally supplied, P7 optional. Detach- 
able filters improve contrast under 
high ambient light conditions. 



Rear Connectors 

Sweep Output — Z-axis modulation to 
CRT, horizontal amplifier input, ground. 

Power Requirements 

For best performance, connections to 
the transformer taps should correspond 
as closely as possible to the actual line 
voltage. Voltage terminals are 90, 
95, 100, 105, 110, 115, 120, 125, 
130, 200, 205, 210, 215, 220, 225, 
230, 235, 240 V. 50 to 400-Hz line 
frequency range, 70 VA. 



Convection 


Cooling 




Dimensions 


and Weights 




Height 


8 in 


20.3 cm 


Width 


7 in 


1 8 cm 


Depth 


1 8 in 


45 cm 


Net Weight 


20 lb 


9.1 kg 



Included Accessories for D51 

Instruction manual (070-0993-00) ; test 
leads (012-0168-00). 

Type D51, order TLD51 . . $375 

Optional Accessories 

1 OX Passive Probe, BNC 

Order 010-0233-00 $9.50 

BNC Female to Dual Banana 
Order 103-0128-00 $2.65 

Viewing Hood 

Order 016-0251-00 $12.75 

U.S. Sales Prices FOB Beaverton, Oregon 
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ACCESSORIES 



O 




PROBES 



10X Passive Probe, BNC 

Order 010-0233-00 $9.50 



10X Passive Probe, UHF 

Order 010-0234-00 $9.50 




PROTECTIVE COVERS 

The protective canvas cover is heavily padded and provides 
protection during transport or storage. The cover slips 
easily over the top of the instrument and has a slot which 
allows access to the instrument handle. 

For S54A, S51B and S51E 
Order 016-0138-00 

For D51 , D52, D54, D67, S52 and S54U 
Order 016-0143-00 

For D53A 

Order 016-0144-00 $22.75 



$16.50 

. 

$12.50 




COAXIAL ADAPTERS 

BNC Female to Dual Banana 



Order 103-0128-00 $2.65 

UHF Female to Dual Banana 

Order 103-0129-00 $2.65 



VIEWING HOODS 



Viewing Hood for D43 and S43 
Order 016-0250-00 



Viewing Hood for S51B, S52, D51, D52 and D53A 
Order 016-0251-00 



$12.75 




U.S. Sales Prices FOB Beaverton, Oregon 
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Tektronix, Inc. 

P. O. Box 500, Beaverton, Oregon 97005 
Telephone: (503) 644-0161 Telex: 36-691 Cable: TEKTRONIX 
FIELD ENGINEERING OFFICES 



ALABAMA 

‘Huntsville 35801 

Suite 51, 3322 S. Memorial Parkway 
Phone (205)881-2912, Telex 59-4422 

ARIZONA 

Phoenix 

7045 E. Camelback Road 
Scottsdale 85251 

Phone (602)946-4273, Telex 66-7401 
Tucson Area: ENterprise 383 



CALIFORNIA 

♦Alhambra 91801 

Suite D, 1525 S. Garfield Avenue 
Phone (213)576-1601, Telex 6-74397 
From L.A. call: 283-0501 
♦Concord 94520 
2339A Stanwell Circle 
Phone (415)687-8350, Telex 335-344 
From Oakland, Berkeley, Richmond, 
Albany and San Leandro: 254-5353 

♦Orange 92667 
1722 E. Rose Avenue 
Phone (714)633-3450, Telex 6-78432 

♦Palo Alto 94303 
3750 Fabian Way 

Phone (415)326-8500, Telex 34-8411 

♦San Diego 92120 

Suite 107, 6150 Mission Gorge Road 
Phone (714)283-6225, Telex 69-5025 

San Jose 

Suite IB, 1725 De La Cruz Blvd. 
Santa Clara 95050 
Phone (408)296-3010, Telex 34-6439 
Santa Barbara 93104 
1310 Santa Barbara Street 
Phone (805)963-1848, Telex 658-424 
♦Van Nuys 91406 
16930 Sherman Way 
Phone (213)987-2600, Telex 65-1426 
From L.A. call: 873-6868 



COLORADO 

•Denver 

6801 So. Yosemite St. 

Englewood 80110 

Phone (303)771-8012, Telex 4-5798 

CONNECTICUT 

♦Hartford 

809 Main Street 

East Hartford 06108 

Phone (203)289-8695, Telex 9-9338 

Stamford 06902 

125 Strawberry Hill Avenue 

Phone (203)325-3817, Telex 96-5917 

FLORIDA 

Fort Lauderdale 33311 

1871 West Oakland Park Blvd. 

Phone (305)731-1220, Telex 51-4474 
Also serves Puerto Rico and 
U.S. Virgin Islands 

♦Orlando 32803 

Suite 185, 1010 Executive Center Dr. 
Phone (305)841-2382, Telex 56-4465 
From The Cape Kennedy Area: 
636-0343 



Pensacola 32501 

Suite T1, Fairfield Plaza 

Phone (904)434-2785, Telex 70-2430 



GEORGIA 

♦Atlanta 30329 

Suite 106, 1680 Tullie Circle, N.E. 
Phone (404)633-0344, Telex 54-2233 



ILLINOIS 

♦Chicago 

Suite 104, 2590 E. Devon 
Des Plaines 60018 
Phone (312)298-6666, Telex 72-6347 
Hinsdale 60521 

Suite 111, 119 E. Ogden Avenue 
Phone (312)325-3050, Telex 25-3694 



INDIANA 

♦Indianapolis 46219 
6121 East 30th Street 
Phone (317)546-2408, Telex 27-348 

KANSAS 

Kansas City 

Suite 101, 6025 Lamar 
Mission 66202 

Phone (913)432-1003, Telex 4-2321 



MARYLAND 

♦Baltimore 

1526 York Road 
Lutherville 21093 

Phone (301)825-9000, Telex 87-804 
From Harrisburg, Lancaster and 
York Area call: ENterprise 1-0631 

♦Rockville 20852 
1500 East Jefferson Street 
Phone (301)881-6133, Telex 89-2337 



MASSACHUSETTS 

♦Boston 

244 Second Avenue 
Waltham 02154 

Phone (617)894-4550, Telex 92-3446 
Methuen 01844 
240 Pleasant Street 
Phone (617)685-1511, Telex 94-7458 

Natick 01760 

209 West Central Street, Room 6 
Phone (617)655-5131, Telex 94-8400 
From Boston call: 235-8233 

Waltham 02154 

400 Totten Pond Road 

Phone (617)894-4667, 8, Telex 92-3446 



MICHIGAN 

♦Detroit 

22132 West Nine Mile Road 
P.O. Box 363 
Southfield 48075 

Phone (313)358-3122, Telex 23-400 



MINNESOTA 

Minneapolis 55426 

Suite 115, 7515 Wayzata Blvd. 

Phone (612)545-2524, Telex 29-699 



♦St. Paul 55112 
3775 North Dunlap Street 
Phone (612)484-7255, Telex 29-7095 



MISSOURI 

St. Louis 63135 

119 North Harvey Avenue 

Phone (314)524-0900, Telex 44-851 



NEVADA 

Las Vegas 89102 

5128 West Charleston Blvd. 

Phone (702)870-8201, Telex 68-4419 



NEW JERSEY 

Cherry Hill 08034 

905 Kings Highway, North 

Phone (609)667-4333, Telex 84-5338 

♦Springfield 07081 
964 South Springfield Avenue 
Phone (201)379-1670, Telex 13-8259 



NEW MEXICO 

♦Albuquerque 87108 

1258 Ortiz Drive, S.E. 

Phone (505)268-3373, Telex 66-0421 
Southern N.M. Area: ENterprise 678 

NEW YORK 

♦Albany 

678 Troy Road 
Latham 12110 

Phone (518)785-3353, Telex 145-402 

Buffalo 14225 

965 Maryvale Drive 

Phone (716)633-7861, Telex 91-385 

♦Endicott 

3214 Watson Blvd. 

Endwell 13763 

Phone (607)748-8291, Telex 933-421 
♦Long Island 
125 Mineola Avenue 
Roslyn Heights, L.l. 11577 
Phone (516)484-2300, Telex 96-1328 
Poughkeepsie 12603 
1 Old Mill Road 

Phone (914)462-4670. Telex 96-8414 

♦Syracuse 13211 
112 Pickard Building 
5858 E. Molloy Road 
Phone (315)455-6666, Telex 937-239 

NORTH CAROLINA 

♦Greensboro 27405 
1011 Homeland Avenue 
Phone (919)274-4647, Telex 57-4416 



OHIO 

Cleveland 44129 
5562 Pearl Road 

Phone (216)884-6558, Telex 98-5217 

Columbus 

Suite 5, 12 West Selby Blvd. 
Worthington 43085 
Phone (614)888-4040, Telex 24-5497 
Dayton 45439 

3309 Office Park Drive, Suite 103 
Phone (513)293-4175, Telex 2-88225 



OKLAHOMA 

Oklahoma City 73105 

901 Office Park Plaza 

Phone (405)848-3361, Telex 7-1459 



OREGON 

Portland 

8845 S.W. Center Court 
Tigard 97223 

Phone (503)639-7691, Telex 36-0205 



PENNSYLVANIA 

♦Philadelphia 

126 Presidential Blvd., North 

Bala-Cynwyd 19004 

Phone (215)839-3111, Telex 83-4218 

Pittsburgh 

3834 Northern Pike 

Monroeville 15146 

Phone (412)351-3345, Telex 86-761 



RHODE ISLAND 

Providence 

2845 Post Road 
Warwick 02886 

Phone (401)739-4771, Telex 92-7662 



TEXAS 

♦Dallas 75240 
4315 Alpha Road 

Phone (214)233-7791, Telex 73-0570 
From Austin Area: ENterprise 9915 

♦Houston 77027 
Suite H, 3723 Westheimer 
Phone (713)622-8141, Telex 77-494 
San Antonio 78209 
8031 Broadway 

Phone (512)826-0686, Telex 76-7456 



UTAH 

♦Salt Lake City 84115 
65 West 2950 South 
Phone (801)484-8501, Telex 388-365 



VIRGINIA 

Alexandria 22304 

Suite 11, 5249 Duke Street 

Phone (703)751-6096, Telex 8-9406 

Hampton 23366 
1310 Todds Lane 

Phone (703)826-4020, Telex 82-3409 



WASHINGTON 

Seattle 98188 
410 Baker Blvd. 

Andover Industrial Park 

Phone (206)243-2494, Telex 32-488 



WISCONSIN 

Milwaukee 53226 

Mayfair Plaza 

2421 North Mayfair Road 

Phone (414)476-6850, Telex 2-6604 



♦Service Center/Field Office 
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